The expression patterns of p57 KIP2 , an important cyclin-dependent kinase inhibitor in the lens, is investigated. This study shows that the expression of p57 mRNA throughout lens morphogenesis and growth correlates with lens cell withdrawal from the cell cycle (shown by changing patterns of BrdU incorporation) and the onset of lens ®bre differentiation (shown by b-crystallin expression). p57 expression at the early stages of ®bre differentiation make it a useful marker for the initiation of this process. q
Introduction
In the vertebrate eye, the normal development and growth of the lens is a complex process that requires the precise spatial and temporal control of proliferation of epithelial cells and their differentiation into ®bre cells (see McAvoy, 1981, for review) . Changes in the patterns of cell proliferation during early lens development play an important role in establishing the well de®ned architecture of the lens which is characterised by distinct proliferation and differentiation compartments (McAvoy, 1978) .
Cell proliferation involves the activation of cyclin-dependent kinases (cdks) that catalyze events required for cell cycle transitions. The activity of these cdks is positively and negatively regulated by their association with regulatory subunits, including the cyclins and cyclin-dependent kinase inhibitors (CKIs), respectively. In mammals, the CKIs are present in two structurally de®ned gene families, the INK 4 family and the CIP/KIP family (for review, see Harper and Elledge, 1996; Yan et al., 1997) . p57 KIP2 is the most recently characterised member of the CIP/KIP family (Hatada and Mukai, 1995; Lee et al., 1995; Matsuoka et al., 1995) . There have been several reports of p57 expression in the embryonic mouse eye. High levels of p57 expression have been described in lens epithelial cells at embryonic day 13.5 (Matsuoka et al., 1995) and at embryonic day 17.5 (Yan et al., 1997) . In contrast, another study at embryonic day 13.5 showed p57 immunoreactivity to be predominantly present in the post-mitotic ®bre cells with weaker labelling in the lens epithelium (Zhang et al., 1997) ; a pattern consistent with a role for p57 in promoting exit from the cell cycle and/or ®bre differentiation in the lens. This is supported by evidence from p57 null mice that display severe developmental defects including lens vacuolisation, thought to result from inappropriate entry of lens ®bres into the cell cycle (Zhang et al., 1997) .
In order to clarify the pattern of p57 expression during lens development we carried out a detailed analysis of its spatial and temporal expression during murine ocular development. In addition, we correlated p57 expression with patterns of lens cell proliferation and ®bre differentiation to determine if its expression coincides with withdrawal from the cell cycle and differentiation.
Results
At embryonic day 9.5 (E9.5), numerous cells in the various tissues of the embryonic murine head, including the lens placode and optic vesicle, are in the S-phase of the cell cycle as indicated by high levels of BrdU incorporation. However, little to no expression of p57 is detected in the lens placode or other surrounding tissues (data not shown). The earliest detection of p57 transcripts in the developing eye is at E10.5, in the lens pit and adjacent ocular tissues, correlating with a decrease in BrdU incor- poration in these same tissues (Fig. 1) . By E11, the appearance of p57 transcripts in the posterior lens vesicle cells (presumptive primary ®bres), concomitant with the reduction in proliferation of these cells, represents an early stage in the establishment of lens polarity (Fig. 2) . Later in development, at E11.5, posterior lens vesicle cells begin to express p57 mRNA and exit from the cell cycle, prior to their elongation and subsequent expression of b-(a lens ®bre-speci®c marker) (Fig. 3) . By E13.5 the strongest expression of p57 is localised to the cortical ®bres (Fig. 4) and by E14.5 this is further restricted to the early stages of ®bre differentiation at the lens equator (Fig. 5) .
The expression pattern of p57 in the lens, once established at E14.5, persists throughout development and remains prominent in the postnatal lens but becomes progressively restricted to a narrow band of cells within the transitional zone (Fig. 6) .
This study shows that the expression of p57 mRNA throughout lens morphogenesis and growth correlates with lens cell withdrawal from the cell cycle and the onset of lens ®bre differentiation. p57 expression at the early stages of ®bre differentiation make it a useful marker for the initiation of this process.
Methods

Immunohistochemistry
Immunohistochemistry was used to examine the patterns of DNA replication (incorporation of 5-bromo-2 H -deoxyuridine, BrdU) and the expression of b-crystallin, as previously described (see Lovicu and Overbeek, 1998) . Binding of the primary antibodies was visualised using ā uorescein-isothiocyanate conjugated secondary antibody (Silenus, Australia). In addition, all sections were counterstained with 1 mg/ml bisbenzimide (Hoechst dye; Calbiochem, La Jolla, CA) to label cell nuclei. Fig. 1 . Sections of E10.5 mouse eyes either stained with Hoechst dye (A), immunolabelled for BrdU incorporation (B) or labelled for p57 mRNA expression (C). The majority of cells have incorporated BrdU (B) with lower levels of incorporation noted in the posterior lens pit (arrow), the inner layer of the central optic cup and the presumptive retinal pigmented epithelium. This is consistent with higher levels of expression of p57 in the same region of the lens pit (arrow) and inner and outer layers of the optic cup (C). lp, lens pit; oc, optic cup; rpe, retinal pigmented epithelium. Scale bar, 45 mm. 
In situ hybridisation
The expression pattern of p57 transcripts in the murine eye was examined by in situ hybridisation using [ 35 ]S-UTPlabelled riboprobes as previously described (Robinson et al., 1995) . The antisense riboprobe for p57 was generated from the full length mouse cDNA as described previously (Matsuoka et al., 1995) . Hybridisation slides coated with photographic emulsion were exposed for up to 7 days before developing and counterstaining with Harris haematoxylin. . Consistent with a reduction in incorporation of BrdU in the anterior lens epithelium (B, arrow) in comparison with the peripheral epithelium (just above the lens equator; broken line), expression of p57 transcripts tends to be stronger in the former (D, arrow) compared with the latter. As epithelial cells exit from the cell cycle at the lens equator (B), they start to express p57 (D). Below the lens equator, strongest expression of p57 mRNA in the lens is restricted to the newly differentiating secondary ®bres. Strong expression for p57 is also observed in the peripheral optic cup (presumptive ciliary body and iris; D, asterisk) and hyaloid vasculature (D, arrowhead). Scale bar, 115 mm. Fig. 6 . In situ hybridisations on sections of postnatal day 7 (A) and 21 (B) mouse eyes labelled for p57 mRNA expression. During postnatal growth of the lens, p57 expression is mainly restricted to the transitional zone (arrows) where cells are undergoing early stages of secondary ®bre differentiation. Cells in the ®bre mass undergoing ®bre maturation do not express p57 (A,B). Coincident with the age-related reduction in the rate of ®bre differentiation by postnatal day 21, is a reduction in the size of the region of cells expressing p57 (B) . Note that at this stage p57 expression is also detectable in the anterior lens epithelium where most of the cells are mitotically quiescent. Low levels of transcripts are also detected in the iris and ciliary body. le, lens; i, iris; cb, ciliary body. Scale bar, 110 mm.
